Cytosolic and nuclear estrogen receptors in the ovary and uterus of immature rats and hamsters were determined to evaluate why exogenous estrogens were ineffective in stimulating follicular maturation in the hamster compared to the rat. Animals were injected sc with oil or single injection of 1mg estradiol cyclopentylpropionate (ECP) on Day23or a daily injection of 2mg diethylstilbestrol (DES) on Days23-25and killed on Day26. Total binding sites for estrogen in ovarian cytosol of control hamsters were half the number in the rat ovary (28fmole/mg protein) and about50% of the receptors were occupied in the hamster. The apparent affinity of the estrogen-cytosol receptor complex was also lower in the hamster (Kd; 1.41 nM) than in the rat (Kd; 0.52nM). After ECP treatment, there was a tendency for translocation in all4tissues examined even though some differences were not statistically significant. However, after DES treatment both cytosol and nuclear estrogen receptors decreased in both species. This discrepancy may be due to the difference in the time course of the nuclear translocation, the difference in metabolism and difference in the binding potencies of ECP and DES.
Estrogens stimulate ovarian and uterine growth in the rat (for references on ovary see Nakayama et al., 1981; Rao et al., 1978 for uterus see Kaye et al., 1972; Sheehans et al., 1981) . However, in the immature intact or hypophysectomized hamster, a daily injection of1mg estradiol cyclopentylpropionate (ECP) or2mg diethylstilbestrol (DES) for3days increased only the number of follicles with2-3layers of granulosa cells (Kim et al., 1984) . Both estrogens were ineffective in stimulating follicular development in the adult hypophysectomized hamster. In contrast, uterine growth was elicited in the hamster by either ECP or DES. We speculated that the hamster ovary might possess fewer binding sites for estrogen than the rat ovary (Saiduddin and Zassenhaus, 1977) .
In the present study, this hypothesis was Effect of estrogens on nuclear receptors in ovary and uterus (Table2)
In the oil treated controls, the number of binding sites and their affinity in ovarian nuclear estrogen receptors were almost the same in rats and hamsters but in the rat, all receptors were unoccupied. Similar to the uterine cytosol receptors (Table1) , the number of uterine nuclear receptors was greater in the rat.
After ECP treatment, the binding affinity and the number of nuclear receptor sites in the ovary from hamsters and rats were unchanged. Injection of DES decreased the number of nuclear binding sites in the rat and hamster ovary. Both estrogens decreased apparent binding affinities of uterine nuclear estrogen receptors in hamster and rat. ECP increased the number of nuclear recepter sites in the hamster uterus but not in the rat whereas DES did not alter the number of uterine nuclear receptor sites from control levels in either animal group.
Discussion
Two classes of binding site for estradiol have been described in rat uterine cytosol and nucleus. Type I sites represent a classical estrogen receptor with high affinity (Kd, 1nM) and low capacity. Type II sites bind estrogen with lower affinity (Kd, 30nM) and higher capacity than Type I sites (Eriksson et al., 1978; Markaverich et al., 1981) . However, the experimental protocol used in this study detects only the high affinity sites (Type I) due to the concentration of3H-estradiol used (Fig.2) . The kinetic parameters (dissociation constant, Kd ; maximal number of binding sites) of estrogen receptors in the ovary and uterus of the intact immature rat were comparable to previous reports (Carlson and Gorski, 1980; Eriksson et al., 1978; Saiduddin and Zassenhaus, 1977; Somjen et al., 1973) . Kinetic parameters of estrogen receptors in the hamster ovary have not been reported but the dissociation constant and the maximal number of binding sites of estrogen receptors in the immature hamster uterus were similar to a previous study (Danforth et al., 1983) .
The classic hypothesis of steroid hormone action is : the first step of steroid hormone action in the target tissue is the hormonecytoplasmic receptor interaction and then the hormone-cytoplasmic receptor complex is translocated to the nucleus. This study showed that the capacity for retention of intracellular estrogen (first step) was low in the hamster ovary. The number of estrogen binding sites in the cytosol was smaller and the apparent affinity of the cytosol receptor was lower in the hamster ovary than in the rat (Table1).
However, for the ovaries of both species, the number of estrogen binding sites and the affinity of the nuclear receptor were almost the same (Table2).
These results appear to indicate that the estrogencytosol receptor interaction may be important in expressing estrogen activity since the hamster ovary responded minimally to exogenous estrogen (Kim et al., 1984) . This interpretation conflicts with current knowledge that the duration of nuclear occupancy by the receptor-estrogen complex correlates with biological activity (Anderson et al., 1974) . However, the number of estrogen binding sites in the rat uterine cytosol and nucleus were6times
and2times, respectively, greater than in the hamster uterus (Table1and2) and the uterine responsive-ness to estrogens was greater in the rat than in the hamster (Kim et al., 1984) . Moreover the in vivo uptake of 3H-estradiol by the hamster uterus was15-25% of that of the rat uterus (Ciaccio and Lisk, 1972) . These findings for the uterus support the above notion that estrogen-cytosol receptor interaction may be apparently related to biological activity. Recently, it was reported that estrogen receptor resided primarily in target cell nuclei and that cytosolic estrogen receptor might represent a receptor loosely associated with the nucleus (King and Greene, 1984) . If this is true, cytosolic and nuclear estrogen receptors estimated in the present study are localized in the nucleus, and the present cytosol receptors become cytosolic only as a result of cellular homogenization. Then, at least with the present experimental model, estrogen insensitivity in the hamster ovary cannot be explained with the estrogen receptor system since the nuclear receptor is related to the biological activity (Anderson et al., 1974) and the number of nuclear binding sites for estrogen in the hamster ovary was comparable with that in the rat ovary (Table2).
It is of interest that in the oil treated hamster around half of the estrogen receptors in ovarian cytosol and nucleus were already occupied even though their apparent receptor affinities were lower than in the rat i ovary (Table1and2) and serum estradiol was at the same low level in both species (Kim et al., 1984) . It may be due to the difference in ovarian estradiol content or ovarian estradiol accumulation in the immature rat and hamster. The ovarian estradiol production in immature hamster was greater than in immature rat (Shaha and Greenwald, 1983; Uilenbroek, 1983) .
After ECP or DES treatment, apparent receptor affinities decreased in all receptor sites measured except in the hamster ovarian cytosol and nucleus (Table1and2). These findings contrast with a previous report in which the affinity of nuclear estrogen re- to the different administration schedule (i.e., single injection of ECP and daily injection of DES). If the nuclear translocation is an artifact and estrogen receptor exists only in the nucleus (King and Greene, 1984) , the present results suggest that estrogen receptors loosely and tightly associated with the nucleus in the ovary may be down-regulated by the DES (homologous down-regulation).
